Introduction: γδ T cells
========================

In the mid-1980s it became clear that lymphocytes expressing two novel rearranging genes, γ and δ, represent a distinct subset \[[@B1],[@B2],[@B3],[@B4]\], now called γδ T cells. Current evidence indicates that γδ T cells have co-evolved during the past 500 million years or so with αβ T cells and B lymphocytes \[[@B5]\] and that they are evolutionarily preserved in a wide range of species, probably including all higher vertebrates \[[@B6]\]. In rodents and primates, γδ T cells form relatively small subsets of lymphocytes, which raises questions about their importance. Indeed, there is only some evidence that, in adults, γδ T cells are required for that most quintessential of immune functions, host protection against infections, although they are probably protective early in life \[[@B7]\]. However, responses of γδ T cells have been found in numerous diseases, both infectious and non-infectious, and data are accumulating to suggest that a primary role of these cells is immune regulation and the protection of host tissues against the damaging side-effects of immune responses \[[@B8]\]. We have recently reported evidence to suggest that, at least with regard to the airways, γδ T cells are also engaged in protecting normal organ function \[[@B9]\], even in the absence of destructive immunity (see below). There might well be similar roles for γδ T cells in the intestines and in the female reproductive organs, as well as at the maternal/fetal interface during pregnancy. Thus, there might be multiple justifications for the evolutionary preservation of these enigmatic cells.

Gammadelta T cells are sequestered to mucosal tissues
=====================================================

Unlike αβ T cells and B cells, γδ T cells preferentially colonize non-lymphoid tissues. A prominent example is the murine epidermis, where essentially all T cells express γδ T-cell receptors (TCRs) \[[@B10]\]. In addition, in other epithelial and mucosal tissues, including the intestines, mouth, larynx, nose and lung, γδ T cells are present at frequencies higher than in lymph nodes or spleen \[[@B11]\]. This preferential localization in epithelial/mucosal tissues provided one of the initial arguments for the idea that γδ T cells represent a first line of defence against infections \[[@B12]\].

However, γδ T cells might also be involved in the regulation of first-line defences. It seems probable that the benefit of first-line defences in host protection has to be balanced against their damaging effects on the epithelial/mucosal tissues. In fact, because of their vital barrier function, protection of these exposed tissues from immune damage might be far more critical than protection of internal organs, especially rapidly regenerating ones such as the liver. Consequently, the sequestration of γδ T cells to epithelial/mucosal tissues could be explained by an increased need for immune regulation. Evidence in support of this second possibility has come from studies of immune responses that originate in the gastro-intestinal tract. Mice genetically deficient in γδ T cells show aberrant patterns of epithelial regeneration \[[@B13]\], and both epidermal and intestinal γδ T cells produce factors capable of promoting epithelial growth, most notably keratinocyte growth factor \[[@B14]\]. In a mouse model of infection with the parasite *Eimeria vermiformis*, a pathogen in many other species as well, γδ T cells did not contribute significantly to host resistance, but they forestalled intestinal bleeding and epithelial damage due to the infection \[[@B15]\]. Immune-regulatory γδ T cells can be readily induced during exposures of epithelial/mucosal tissues to antigens. Thus, under conditions of tolerance to ovalbumin, immune-regulatory γδ T cells were induced \[[@B16]\]. Airway exposure to insulin also elicited immune-regulatory γδ T cells, and these cells were found to secrete interleukin (IL)-10 and to prevent the development of autoimmune diabetes \[[@B17]\]. Lastly, in diseases involving epithelial/mucosal tissues, levels of γδ T cells are often elevated. This occurs, for example, in human coeliac disease, which is associated with the chronic intestinal inflammation. In the course of the disease, increases in levels of γδ T cells were correlated with an increased expression of stress markers in the intestinal epithelia. It has been demonstrated *in vitro* that at least human intestinal γδ T cells recognize inducible proteins related to MHC class I (MICA/B), expressed on the surface of stressed or activated epithelia \[[@B18]\].

As in the intestines, the epithelial/mucosal tissue of the airways is also preferentially colonized by γδ T cells \[[@B19]\]. More recently, pulmonary γδ T cell populations have become a focus of interest owing to their regulatory effects on the allergic immune response. Here we provide evidence indicating that, in addition to such effects, pulmonary γδ T cells maintain and protect normal airway function.

Pulmonary γδ T cell populations
===============================

At present, pulmonary γδ T cells are still best studied in the mouse. Research into them began when A. Augustin and his collaborators at National Jewish Medical and Research Center in Denver, Colorado, reported that CD3^+^, αβ TCR^-^ T cells represented 8--20% of pulmonary lymphocytes in BALB/c mice, and that these cells further increased after exposure to aerosols containing an extract of *Mycobacterium tuberculosis* \[[@B19]\]. They later confirmed that these cells are indeed γδ T cells, and provided a detailed analysis of pulmonary γδ T cell populations and their development \[[@B20]\]. With the use of quantitative polymerase chain reaction (PCR) techniques and DNA primers specific for individual V~γ~ genes they showed that, at birth, essentially all γδ T cells express V~γ~6. Commonly, the TCR-γ Vdomain encoded by this gene constitutes part of an invariant γδ TCR, which is also true in the lung. The same invariant TCR is expressed by lymphocyte populations in the female reproductive tract and in the placenta \[[@B21],[@B22]\], and it is also expressed by γδ T cell populations accumulating during inflammation in liver \[[@B23]\], testis \[[@B24]\] and other tissues, and in the brain of mice suffering from experimental autoimmune encephalitis \[[@B25]\]. Intriguingly, the invariant TCR expressed by all of these cells is nearly identical to that of the γδ T cell population colonizing the murine epidermis, differing only in TCR-V~γ~.

After birth, pulmonary γδ T cell populations diversify. By 3 weeks of age, the expression of multiple V~γ~ genes, including V~γ~4, 5 and 7, was demonstrated by PCR \[[@B20]\]. However, the expression of V~γ~4 increased steadily so that, by 2--3 months of age, V~γ~4^+^ cells seemed to be the predominant population of pulmonary γδ T cells, at least in BALB/c mice. We have recently confirmed the predominance of this subset in the normal lung of several mouse strains by antibody staining (M Lahn, RL O\'Brien, WK Born, unpublished data). Other V~γ~-defined subsets such as V~γ~1^+^ cells, for example, which predominate in the spleen, represent only minor populations in the normal lung. Antibodies specific for all of the above-mentioned V~γ~ forms except V~γ~6 have become available, so that the original findings based on PCR methods can now be verified cytofluorimetrically.

Despite the rapid development of pulmonary γδ T cell populations, αβ T cells become predominant within a few days after birth \[[@B20]\]. In adult mice, they comprise about 90% of pulmonary T cells. As discussed below, γδ and αβ T cells seem to have both opposed and complementary functions during immune responses in the airways.

As with most T cells, the development of pulmonary γδ T cell populations is under thymic control. Although γδ T cell precursors in the lung epithelia show TCR-γ gene rearrangements involving V~γ~6, V~γ~6^+^ cells cannot survive in athymic mice. However, they can be rescued by IL-7, a lymphokine produced in the thymus \[[@B26]\]. The same lymphokine is also essential for the development of extra-pulmonary γδ T cell populations. In normal mice, at least a portion of the V~γ~6^+^ cells and perhaps all of the V~γ~4^+^ populations originate in the thymus. Unlike V~γ~6^+^ cells, the later developing V~γ~4^+^ cells initially express diverse TCRs. However, these cells are subsequently selected in the periphery, so that most V~γ~4^+^ γδ T cells in the lung of adult BALB/c mice, for example, express a very limited set of TCR-γ junctions, defined by the canonical amino acid sequence Gly-X-Tyr-Ser, where X can be any amino acid and the others are fixed \[[@B27]\]. What forces this selection has not been resolved, but the recognition of (inducible) autologous ligands is certainly an attractive possibility. Peripheral selection also shapes the repertoire of TCR-δ chains expressed in the lung. Again, on the basis of studies in BALB/c mice, Sim and Augustin \[[@B28],[@B29]\] reported that one particular junctional sequence, Ile-Gly-Gly-Ile-Arg-Ala (termed \'BALB/c invariant delta\', or BID), and closely related sequences, are over-represented among productive rearrangements of Vδ5 in the lung. Here, too, positive selection by an autologous ligand seems to be the underlying mechanism. The functional significance of these selection processes is far from clear. It seems possible that selection is connected with the extent of airway exposure to normal environmental stimuli, and that it represents a gradual adaptation of a regulatory cell population to the magnitude of its task. However, the same selection that might increase certain functional capabilities must decrease the potential ability of the selected lymphocytes to recognize diverse foreign antigens.

Because of their relative scarcity, little is known about the anatomical localization of pulmonary γδ T cells. They can be found both in the interstitial tissues and in bronchoalveolar lavage fluid (BALF), but it remains to be seen whether they occupy strategic positions within the lung tissues, and whether distinct subsets differ also in the tissue sites that they colonize. Given that TCR-defined γδ T cell subsets exhibit different functional properties in other systems (see below), the specific localization of subsets in the lung should be helpful in unravelling the role of γδ T cells within the airways.

γδ T cells elicited after exposure to antigen via the airways regulate immunity dependent on T helper type 2 and T helper type 1 cells
======================================================================================================================================

Several studies have indicated that γδ T cells can cross-regulate CD4^+^ αβ T cell responses. This was also found in models of tolerance induction after airway exposure to inhaled antigens. Thus, McMenamin *et al* \[[@B16]\] reported that repeated exposure (more than 10 times) of C57BL/6 mice to nebulized chicken ovalbumin elicited a regulatory γδ T cell population retrievable from the spleen, in parallel with the development of specific tolerance to this antigen. The regulatory cells expressed Thy-1 and CD8 and were capable, on adoptive transfer, of suppressing primary IgE antibody production, without affecting parallel IgG responses. As few as 5000 γδ T cells were sufficient to evoke the maximal regulatory effect on IgE titres. Derived from ovalbumin-tolerized mice, the regulatory γδ T cells suppressed only responses to ovalbumin and not to the allergen Der p1, suggesting antigen specificity of the regulators. However, a reciprocal experiment was not reported. *In vitro*, these γδ T cells produced interferon-γ (IFN-γ) on challenge with ovalbumin, suggesting a bias towards a responsiveness similar to T helper type 1 (T~H~1) and the capacity to negatively regulate the allergic T helper type 2 (T~H~2) response of αβ T cells, which forms the basis of the development of the ovalbumin-specific IgE antibodies. In a later study, the same investigators reported similar findings in brown Norway rats \[[@B30]\], demonstrating that this type of γδ T-cell-dependent immune regulation is quite common, at least in rodents.

Nevertheless, regulatory γδ T cells elicited by airway exposure to antigen were also found, in another study, to suppress T~H~1-dependent immunity. Here, repeated exposure of non-obese diabetic (NOD) mice to human recombinant insulin in aerosol form, after the onset of subclinical disease, decreased both pancreatic islet pathology and the incidence of insulin-dependent diabetes mellitus \[[@B31]\]. The treated mice had increased levels of circulating antibodies against insulin as well as secretion of IL-4 and IL-10, but had decreased proliferative responses to islet autoantigens. Splenocytes from the insulin-treated mice could suppress the adoptive transfer of insulin-dependent diabetes mellitus to non-diabetic mice, with the use of T cells from diabetic mice. Again, this effect was mediated by relatively small numbers of CD8^+^ γδ T cells. However, the underlying mechanism of immune regulation must be different from that in the ovalbumin model. IFN-γ, implicated as a mediator of γδ T-cell-dependent suppression of IgE in the model of tolerance to ovalbumin, is not likely to delay type 1 diabetes in this T~H~1 and IFN-γ-dependent disease. Also, and as in the study by McMenamin *et al* \[[@B16]\], the ligand specificity of the regulatory γδ T cells in the murine diabetes model remains unclear. In these mice there was suppression of cellular responses not only to insulin but also to the unrelated islet antigen, glutamic acid decarboxylase. Intriguingly, it was noted that only intact insulin, not denatured or fragmented protein, could elicit the regulatory γδ T cells. Intact insulin could potentially stimulate lymphocytes as a hormone, via their insulin receptors. However, an inactive form in which phenylalanine has been substituted for aspartic acid at position 25 of the B chain (which abolishes binding to the insulin receptor) still induced the regulatory cells. It was therefore concluded that insulin behaves as an antigen and not as a hormone in inducing the regulatory CD8^+^ γδ T cell populations \[[@B17]\].

How important are these regulatory effects of adoptively transferred γδ T cells? In a careful study examining requirements for IgE unresponsiveness to ovalbumin induced by aerosol exposure, Seymour *et al* \[[@B32]\] showed, in experiments with TCR-δ gene knockout mice, that γδ T cells are not needed. They did not address whether the reduction of blood eosinophilia mediated by the same aerosol treatment was influenced by γδ T cells. Under the same experimental conditions, the absence of CD8^+^ T cells or IFN-γ also had no effect on the development of the tolerant state in the primary hosts. It therefore seemed more likely that the aerosol-induced unresponsiveness in these mice is intrinsic to the CD4^+^ compartment and perhaps mediated by CD4^+^ regulatory cells, as was found in another mucosal system \[[@B33]\]. Furthermore, although these findings do not preclude the possibility that γδ T cells or CD8^+^ T cells can mediate IgE unresponsiveness, they suggest that additional conditions must be met for such effects to emerge. In addition, it seems likely that the regulation of T helper cells is not the primary target of γδ T cell functions, which might in fact be focused on something entirely different, and that this phenomenon could simply be an indirect effect.

γδ T cells can also promote allergic hyper-reactivity, systemically and in the airways
======================================================================================

Given that certain γδ T cells can produce T~H~2-type cytokines, it might be expected that they would promote, under the appropriate conditions, T~H~2-dependent allergic hyper-reactivity. Indeed, this was shown to occur in BALB/c mice that were intraperitoneally immunized with ovalbumin followed by intranasal challenges with the same antigen \[[@B34]\]. In normal mice, the challenges resulted in increased infiltration of eosinophils and T cells (both CD4^+^ and CD8^+^subsets) in the bronchial submucosa and around pulmonary blood vessels, and antigen-induced eosinophilia also occurred in the blood, BALF and bone marrow. In contrast, BALB/c mice genetically deficient in γδ T cells (TCR-δ^--/--^) showed only moderate increases in the numbers of eosinophils in bronchial tissues, BALF, blood and bone marrow, as well as a decrease in the numbers of CD4^+^ and CD8^+^ T cells in bronchial infiltrates. Furthermore, a large increase in IL-5 concentration in BALF after antigen challenge in the normal mice was also missing from the γδ T-cell-deficient mice. Intraperitoneal immunization with ovalbumin elicited high titres of ovalbumin-specific IgG1 and low but detectable titers of ovalbumin-specific IgE in the normal mice, whereas IgG1 titres were 100-fold lower in the γδ T-cell-deficient mice, and IgE antibodies were undetectable. Subsequent intranasal challenge boosted both specific antibody responses to high levels, in both types of mouse, and with only a small decrease remaining in the γδ T-cell-deficient mice. Clearly, the peripheral immune response to soluble ovalbumin antigen was impaired in the absence of γδ T cells, a defect unmasked by the intraperitoneal route of immunization.

Ovalbumin-induced pulmonary responses depend largely on the early presence of IL-4. To test whether the impaired immune response and decreased allergic inflammation in the absence of γδ T cells could have resulted from a lack of IL-4 production, TCR-δ^--/--^ mice were reconstituted with recombinant IL-4, complexed to an anti-IL-4 monoclonal antibody to increase the half-life of the injected cytokine. This measure restored antibody and cytokine responses in the mutants and also antigen-induced eosinophilia, supporting the idea that γδ T-cell-derived IL-4 is essential for the full development of these responses. Consistently, other types of cell known to produce IL-4 also either did not affect the production of ovalbumin-specific IgE and IgG1 antibodies (mast cells), or were not required for eosinophilia and T~H~2-type cytokines in bronchial lymph nodes (NK1.1^+^, αβ T cells) \[[@B34]\].

Protective responses to pulmonary injury require γδ T cells
===========================================================

In contrast, several lines of evidence indicate that γδ T cells are instrumental in reducing tissue damage associated with inflammation. This also seems to be true in the lung. In two experimental disease models, both of which result in airway epithelial cell damage and neutrophilic lesions, the contribution of γδ T cells to the host response was examined \[[@B35]\]. In the first, the facultative intracellular Gram-positive bacterium *Nocardia asteroides* was inoculated intranasally. This pathogen penetrates and damages tracheo-bronchial epithelia, especially non-ciliated epithelial cells, and elicits a strong inflammatory host response involving neutrophils. In the second, short-term inhalation of ozone (8 h of exposure followed by 8 h of recovery) was used to cause damage predominantly to ciliated epithelial cells in the anterior nasal cavity, trachea and central acinus. This acute injury also resulted in substantial epithelial cell necrosis, and was accompanied, during the first 24 h, by a significant response of neutrophils. In either model, pulmonary injury was much increased in the absence of γδ T cells, on the basis of a comparison of C57BL/6 mice and TCR-δ^--/--^ mice matched for genetic background. At doses of *N. asteroides* that were non-lethal for control animals, γδ T-cell-deficient mice became severely ill and died within 14 days. Histologically, these mice showed severe tissue damage and uncontrolled bacterial growth in the lung, compared with limited neutrophilic lesions and bacterial clearance in the controls. Similarly, after ozone exposure, γδ T-cell-deficient mice showed more extensive epithelial necrosis and a lack of neutrophil recruitment. By comparing an infectious model with a non-infectious model, the authors concluded that γδ intra-epithelial lymphocytes protect the lung by regulating the inflammatory response evoked by epithelial necrosis \[[@B35]\].

γδ T cells negatively regulate airway responsiveness to methacholine
====================================================================

Mice sensitized by intraperitoneal injections of ovalbumin, and subsequently challenged with this antigen in aerosol form, develop increased airway responsiveness to the inhaled bronchoconstrictor methacholine (MCh), namely increased lung resistance (measured plethysmographically) and decreased dynamic compliance, a correlate of the ability of the airways to recoil after the release of air pressure \[[@B36],[@B37]\]. These changes in airway responsiveness are similar to those seen in patients with allergic airway hyper-reactivity, associated with asthma and certain other diseases of the lung. In the murine model, the changes in responsiveness to MCh are accompanied by, but might not be absolutely dependent on, infiltration of the lung tissue and BALF with eosinophils, increases in IL-4 and IL-5 levels and the development of specific anti-ovalbumin IgE antibodies. However, αβ T cells, CD4^+^ and probably CD8^+^ T~H~ cells are required for this response, and IL-10 is necessary as well \[[@B38]\].

Because of the earlier studies implicating γδ T cells in the development and regulation of allergic airway inflammation, we have examined this model for a possible involvement of γδ T cells \[[@B9]\]. Indeed, mice genetically deficient in γδ T cells (TCR-δ^--/--^) showed increased airway responsiveness to inhaled MCh after systemic sensitization and airway challenge with ovalbumin. Furthermore, mice transiently depleted of γδ T cells by treatment with monoclonal antibodies against TCR-δ also showed increased airway responsiveness, suggesting that the absence of γδ T cells at the time of antigen stimulation, and not some developmental defect in the mutant mouse strain, had caused the increase in airway responsiveness. These results are consistent with the idea of a negative regulatory effect of γδ T cells on allergic airway hyper-reactivity to ovalbumin \[[@B16]\]. However, subsequent experiments indicated that the allergen-specific immune responses could not be the only or even the primary target of regulation in this model. Thus, in a control experiment in which non-immunized mice were also challenged with aerosolized ovalbumin, depletion of γδ T cells caused comparably large increases in airway responsiveness. Under this particular experimental protocol (three 20-min exposures of the airway to 1 % ovalbumin in saline on three consecutive days, and measuring airway responsiveness to inhaled MCh 48 h after the last exposure), no significant eosinophilia developed in BALF or lung tissues; neither were ovalbumin-specific antibodies detectable. However, hyper-responsiveness to MCh was readily detectable when γδ T cells were absent \[[@B9]\]. Because systemic antigen priming was not required in eliciting this γδ T-cell-regulated airway response, we tested whether αβ T cells were needed. In mice genetically deficient in all αβ T cells (TCR-β^--/--^), also non-immunized but challenged with ovalbumin in aerosol form, depletion of γδ T cells resulted in hyper-responsiveness to MCh as well. This eliminated αβ T cells and all αβ T-cell-dependent responses as potential targets of γδ T cell regulation in this system. Nevertheless, the regulatory effect of γδ T cells was evident only after airway challenge. In non-challenged mice, depletion of γδ T cells had little or no effect on baseline airway responsiveness to inhaled MCh. It therefore seems that γδ T cells regulate changes that are induced by airway stimulation over a period of time (96 h in our model) and that would otherwise result in increased responsiveness to MCh, rather than regulating constitutive responsiveness to the bronchoconstrictor \[[@B9]\].

Comparison of the involvement of γδ T cells in the various models and their possible significance
=================================================================================================

In this brief review we have listed only some of the experimental systems that implicate γδ T cells in host responses involving the airways, and we have further limited our account to mouse models. Nevertheless, a diversity of γδ T cell functions is clearly apparent. This might be surprising given that γδ T cells as a whole are a minor lymphocyte subset, but it is consistent with studies in other tissues and organs, in which complex γδ T cell functions have also been found. One therefore has to conclude that very small numbers of γδ T cells (no more than a few thousand cells at a time) might be sufficient to exert these functions and bring about the effects observed.

That γδ T cells can have T~H~1 and T~H~2-like functions has been known for some time \[[@B39]\]. More recently, evidence for a functional specialization of γδ T cell subsets defined by TCR-V~γ~ has become available. Such differences include proliferative response patterns to polyclonal stimuli \[[@B40]\], profiles of cytokine production, and even specific contributions to host protection against pathogens. For example, it has been found that V~γ~1^+^ cells suppress, and V~γ~4^+^ cells promote, the development of cocksackie virus B3-induced myocarditis in C57BL/6 mice \[[@B41]\] and that V~γ~1^+^ cells reduce host resistance to the facultative intracellular bacterium *Listeria monocytogenes*, whereas γδ T cells as a whole have a protective effect \[[@B42]\]. The diversity of γδ T cell functions associated with host responses in the airways might therefore be explained, at least in part, through the involvement of different γδ T cell subsets.

The two models of tolerance induction after repeated airway exposures to ovalbumin or human insulin involve very similar manipulations and could be based on similar mechanisms \[[@B16],[@B31]\]. In either model, CD8^+^ regulatory γδ T cells are induced and are then recovered at a distant site (the spleen). It is not clear whether these cells are actually activated in the lung or in the spleen, as might be expected with unprimed αβ T cells. In the latter case, they probably interact with other cells typically commuting between the two tissues, in particular dendritic cells. However, it is not obvious why in one case γδ T cells are elicited that regulate T~H~2-type immunity but, in the other, cells are elicited that regulate a T~H~1-type response, unless a given T~H~-type response of αβ T cells automatically evokes a counter-regulatory γδ T cell response.

Regulatory γδ T cell responses affecting T~H~-type biased immunity seem to co-exist with other, far more potent, tolerance mechanisms \[[@B32]\], and their primary purpose might be to subvert some of the damaging effects of the αβ T cell response rather than the response itself.

The finding that, under specific conditions, γδ T cells instead promote allergic hyper-reactivity \[[@B34]\], systemically and in the airways, could also reflect a counter-regulatory mechanism. Experimental alterations include a potentially tolerogenic protocol using repeated immunization with ovalbumin, which might have evoked counter-regulatory γδ T cells with functional characteristics of T~H~2-type αβ T cells. In either case, the purpose of the response might well be the protection of host tissues and organ function.

In the two models of lung epithelial injury \[[@B35]\], local pulmonary γδ T cell populations are most probably involved in mitigating the damage to epithelial cells. As outlined briefly at the beginning of this review, in adult mice the vast majority of γδ T cells express either V~γ~4 or V~γ~6. V~γ~6^+^ cells are more likely to be associated with epithelial cells \[[@B21]\], and these cells have been found to respond to inflammation in other tissues as well, although the nature of their response has remained unclear and can vary depending on the tissue involved \[[@B22],[@B24]\]. These cells are therefore potential candidates for the role of protectors of epithelial cells, but V~γ~4^+^ cells might also be involved. In particular, V~γ~4^+^ cells have been found to exhibit a T~H~1-like functional profile including the production of IFN-γ \[[@B41]\], and this capability might enable them to direct the neutrophil responses observed in either model.

Local V~γ~4^+^ subsets apparently also mediate the negative regulation of airway responsiveness to MCh (M Lahn, K, Takeda, A Kanehiro, RL O\'Brien, EW Gelfand, WK Born, unpublished data). The underlying mechanisms are not resolved. However, because the effects can be demonstrated in the absence of αβ T cells \[[@B9]\], they are not dependent on a preceding T~H~ response and in this sense are not counter-regulatory. In fact, this γδ T cell function arises amid rather subtle airway changes, in the absence of significant inflammation or antibody responses, and almost certainly without tissue damage. Nevertheless, airway stimulation is necessary to unmask this regulatory effect.

Conclusion
==========

Despite the many differences in the models discussed, in all of them a role for γδ T cells in maintaining normal airway function is apparent. Regulatory γδ T cells induced by αβ T cell responses might mitigate the tissue-damaging side effects of these responses. Local γδ T cells activated during inflammation seem to prevent tissue damage as well, and finally, the same or other local γδ T-cell populations seem to control the responses of cells or tissues within the airways, which are expressed after mild stimulation and which, without the influence of γδ T cells, would result in unnecessary smooth muscle contraction. Thus, all of the currently available evidence leads us to propose that γδ T cells are important in the protection of normal airway function.

Acknowledgements
================

This work was supported in part by NIH grants HL-36577 (to E.W.G.), AI-40611 (to W.K.B.) and AI-01291 (to R.L.O), and EPA grant R825702 (to E.W.G.).
